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Introduction

Fish, water quality, and vegetation data are collected each year through the Upper Mississippi River
Restoration Environmental Management Prograrhong Term Resource Monitoring (LTRM). A

complete description of the program can be foundtatp://www.um esc.usgs.gov/ILTRM.html

Personnel from the Wisconsin Department of Natural Resources collect data in Navigation Pool 8, one of
6 study reaches included in the program. Water quality and fish data have been collected under a
stratified random framework ace 1993 and vegetation data since 1998. This report summarizes the
2016 dataset in the context of how it relatesttte entire LTRM sampling frame.

2016 Hydrograph
Methods
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the Mississippi Rivehttp://www.mvp-wc.usace.army.mijl For 2086, we used discharge estimates

from Lock and Dam 8 at Genoa, WI, as we have done starting with the 2013 remwibuBly, we had

used actual gge data from Lock anddin 5, in Winona, MN, but those data are no longer available. This
results in using a more localgm but having a shorter timgeries and amnofficial gging station.

A historical hydrograph was constructed by computing the mean daily discharge fraluethe years
19592015. The daily discharge for 20%vas then compared to the lorgrm daily mean to observe
departure from typical conditions (Figure 1a). Additional analyses examined annual, growing season
(MaycSeptember), and spring flood discharg@aracteristics. Mean discharge was calculated from daily
values, plotted for years 1998016, and overlain on a plot containing the historic meari?,1and 9¢&"
percentiles for all years (1959 to 2 Figure 1b). Meagrowing season discharge was cddted and
plotted similarly to the mean annual discharge (Figure 1c). The spring flood pulse was characterized
according to timing, duration, and magnitude. The timing of the spring flood was ascribed to the month
(March, April, or May) containing threponderance of the dates in which the ten highest discharge
values were observed each spring. Duration of the spring flood was characterized by the number of
days each spring in which the discharge exceeded the histdfip&sentile discharge valuedm

March through May. Magnitude was reported as the maximum spring discharge value for each year
(Table 1).

Results

2016 was the wettest year on record in La Crosse, and third wettest in Rochester, Minnesota (source:
National Weather Servicéftp://www .weather.gov/arx/lse2016 Abundant rainfall occurred

throughout the UMR basin, and this precipitation greatly influenced discharge in P@bk8irst half of

the year roughly tracked the historic hydrografffigure 1§ except that the spring flood occurred

almost a month early, and was followed by an unusual low water period in Amvever, from early



July until the end of the year, water levels were significantly above noriitas extended period of high
waterin 2016 yielded the second highest annual mean discharge during the LTRM period of record
(Figure 1b)andresultedin thethird highestmean growing season discharges wel(Figure 1% The
spiky nature of the hydrograph infers that at least 7 largecgation events occurred upstream and
locally,and the timing of these events was even enough to maintain high discharge for much of the
year.

Fourof the five highest mean annual discharges recorded during the LTRM period of record occurred in
the pastsix years, mngwith three of the four highest mean growing season discharges. These climate
extremes highlight the importance of continued letegm monitoring on the UMR.

A 2016 spring flood analysis (Table 1) reveals that, as stated previouslyritigefkpd occurred in

March. Water levels were elevated for 17 days, and the peak discharge was slightly over 106,000 cfs.
While the spring flood duration and magnitude have been essentially normal over the past few years,
this was the fifth consecutivgear where the timing differed from the historic hydrograph. Unlike 2012
2015, however, the spring of 2016 started early.

Table 1. Spring flood pulse statistics by year during the LTRM period of recoreR(3Jor discharge

at Lock and Dam 8 of thdpper Mississippi River. Duration represents the number of days each spring
when discharge was above the'7percentile from the long term record (198816). Timing represents
the month when the preponderance of the ten highest discharge days were observed each spring.
Magnitude represents the maximum discharge observed each spring.

Year Duration Timing Magnitude Year Duration Timing Magnitude
1993 53 April 117500 2005 19 April 96300
1994 21 May 107100 2006 26 April 104000
1995 28 May 86000 2007 18 April 87400
1996 30 April 140200 2008 40 May 101000
1997 40 April 188300 2009 11 April 83300
1998 24 April 122500 2010 26 March 114100
1999 32 May 110400 2011 69 April 168800
2000 0 March 66500 2012 0 May 76200
2001 54 April 225100 2013 50 May 116900
2002 21 April 121100 2014 49 May 133500
2003 23 May 116900 2015 1 May 79600
2004 3 April 80300 2016 17 March 106200
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Figure 1. (a) Daily discharge at Lock and Dam 8 on the Upper Mississippi Rive6 ferr@ptesented by the solid
line. Mean daily discharge by day of the year for 198% is represented by the dotted line. (b) Mean discharge
by year is represented by the black dots. The solid line represents mean historic discharge {801®5khe
dashed lines represent the T@&nd 90" percentiles for 1952016 discharge. (c) Mean growing season discharge
(May-Sept.) by year is represented by the black dots. The solid line represents mean historic growing season
discharge for 1952016. The dashed lines represent thel@nd 90" percentiles for 1952016 growing seasons.



2016 Water Quality
Methods

The focus of the watequality component of the LRMis to collect limnological information relevant to

the suitability of aquatic habitat for biota and transport of materials within the system. The LTRM
water-quality sampling dsignsince 1993ncorporates year roundfixed-site sampling (FS&hd

quarterly stratified random sampling (SRB)e mixedmodel design provides information at both broad
spatial scales with losemporal resolution (i.e., SR&)d at small satial scales with higher temporal
resolution (i.e., FSS). SRS tracks conditions at spatial scales corresponding to sampling strata or larger
(i.e., whole pool or sampling reach) and at seasonal to annual time scales or longer. In contrast, FSS
provides ifiormation at more frequent intervals (i.e., within seasga) specific points of interest such

as tributaries, tailwaterampounded andackwaters with high habitat valu&he data used for this

report are weighted poeWide median values from SRS samgliWater temperature and dissolved
oxygen (DOgoncentrations used wersurface measurements taken at 0.20m. Water was collected near
the surface (0.20m) to quantify total suspended solids (TSS), chlorophyll a, total phosphorus (TP) and
total nitrogen (TN More details on LTRMater-quality sampling methods can be found in Soballe and
Fischer (2004) ahttp://www.umesc.usgs.gov/documents/reports/2004/04t00201.pdf

More in-depth graphical display of data pertaining to water quality metrics by seasoch eead
sampling stratum can be found byiliging the LTRMVater Quality Graphical Data Browser at:
http://www.umesc.usgs.gov/data_library/water_quality/water_quality _page.html

Results

Water quality in 201@lisplayeda broad range of conditions, several of the seasonal median values were
less than the 19 or greater than the 99 percentile for the LTRMeriod of recordFigure2, Table2).

Many of these anomalous values are not surprising in light of the nearddtgh discharge and erratic
hydrograph (Figre 1). Median seasonal water temperature and NHx were the only variables we
monitor that did not exhibit anomalous conditions.

Water temperatures in 2016 were slightly warmer than the long term median, fallithgn the 60 to 75
percentile range during springummer and fall (Figure 2a). Median winter temperature was cooler
falling near the 2% percentile; the lower temperatures in winter, were likely due to the above average
discharge and fluctuating watégvels experienced during this period. Water temperature can have
direct and indirect effects on large river ecology. Warm water temperatures can result in higher
respiration rates, leading tmwer oxygen concentrationswhich can increase the frequenafyhypoxic
conditions (Houser et al., 2015; Likens, 2010). Water temperature also influences the rate of
photosynthetic production in aquatic ecosystems (i.e. low rates of photosynthetic productivity at very
low and very high water temperatures and highias of productivity at intermediate temperatures).
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Figue 2.Box plots represent thao", 25", 50", 73", and 90" percentilesof the mediandy stratified random
sampling season for the Long Term Resource ManigoPr@ram period of record (1993016). The star
represents the weighted poealide medianfor each paraneter by season for 2016b) The dashed line represents
the upper limit to sustain submersed aquatic vegetation in the Upper MississippifRine6iblin et al., 2010. (c)
The dashed line represents the lower limit of the eutrophic range as defined by Dodds et al. 199%& ¢d)shed
line represents the total phosphorus criterion for namdeable rivers in Wisconsias defined by NR 102.0¢)
Thedashed line represents uppémit of the range suggestefdr total nitrogen as defined by the USEPA (2000).



Table 2Comparison of 2016 water quality conditions to normal conditi@eta acquired over a 3 period

(19942009; data missing in 2003) wased to determine annual 95% upper confidence limits (UCL) and 95% lower
confidence limits (LCL) of the mean for each variable/reach/episode/stratum. Estimates of the 95% upper and

lower confidence limit for the year of interest (e.g., 2010; a year outfidel5yr period), along with the median,

were compared to the 15r annual extremes to determine unusual conditions. Estimates where the median was

higher than the highest annual 46 UCL or lower than the lowestannuakdNJ [ / [ ¢ SNBE @YX 26bot 0 2N
respectively. Estimates where the LCL was higher than the highest anagaUTi. or the UCL was lower than the

lowest annual 15/r LCL were "very low" (L) or "very high"(H), respectivgbn¢rmal
https://www.umesc.usgs.gov/reports_publicationgfthp/water/2016_annual_unusual.html
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The 2018emperature and chlorophyll a summary data (the padtle medians) did not fit this
paradigmwell, chlorophyll a concentrations were lower during spring, summer (beldWp&ecentile)

and falleven though 20& water temperatures were near the loagrm median These lower
concentratiors are likely a function of dilution, mixing and flushing due to the high and erratic discharge
during 2016 Figure &). Winter chlorophyll a levels were near thé™j&ercentile despite the colder

median water temperature during winteF{gure2a and2c). Figure3a and ® give more insight into this
and show that chlorophyll a concentrations were lower at the colder (a) and higher velocity sites (b).
This more in deptlook at the winter data shows conditions are conforming to conventional paradigm
i.e. higher primary productivity in the warmer more quiescent conditions; it also shows the limitation of
summary statistics (in this case the pedble median) in depictingonditions. The relationships

between velocity and winter water temperaturéggure 3c)is not surprising and has been the focus of
pastUMRRnNvestigations (Rogakt.al 199, Knights et. al 1995This work showetow backwater



connectivity, temperatue and velocity are covariates of river stage or flawd howthese parameters

can affect thequality of centrarchid overwintering habitat. Trerongcorrelationbetween temperature

and chlorophyll ashown in kgure 3a shows differences in rates of prinmg productivity(for suspended
algag, Figure 3b and c suggests that winter water temperature and primary productivity are somewhat
velocity dependentFurther investigation may be warranted to determine how much of this variation is
explained by physicg@lrocesses (e.g.ldtion, water movement, depthand how much is attributed to
physiological processes, where temperature can play a larger role in productivity rates.

Chlorophyll a is an indicator of phytoplankton biomass in the water column. As 8) lajtd,

temperature, nutrients, and hydraulic retention time are the primary factors determining phytoplankton
biomass and growth (Houser et al. 2015; Likens, 2010). In 2016, chlorophyll a levels were between the
50" and 79" percentile in winter, betwen the 2% and 50" percentile for spring and fall, and were very
low in summer (< 10percentile Figure 2cAs mentioned above in the water temperature discussion,
chlorophyll a did not track as expected with temperature and the low levels obsenagdliity, summer

and fall appear to be a result of dilution due to the high discharge in 20&8@ian chlorophyll a values

were well below the eutrophic range (>3@/L)(Dodds et al., 1998) during 2016.
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Figure3. Winter 2016 SRS data plots showing clatiens between velocity, temperature and chlorophyll a (a
measure of suspended algae primary productivity).



Total suspended solids (TSS) was below tfigpgdcentile during spring and summer and between the

25" and 50" percentile for fal(Figure 2b)High TSS concentration can limit primary productivity by
blocking light. It also negatively affects macroinvertebrate respiration and behavior, results in habitat
loss, and affects fish by reducing feeding efficiency and smothering spawning habitat §\VE3@5).

Despite the high discharglmw TSS valuesere observedn 2016.This is likely due to the nature of
precipitation events (e.g. less intense rain events locally), and much of the flow was generated far north
in the basin, giving it time to cldyi(especially as it moves through Lake Pepin) before reaching pool 8.
Aquatic vegetation levels remained high in 2016 with 75% of sites being veg&tagede5). Aquatic
vegetation can contribute to thdecreaseof TSS concentrations as it slows watelocity allowing

sediment to fall out of the water column. It also stabilizes sediment and reduces sediment resuspension
from wind and boat wakes. These physical influences aquatic vegetation have on the river hydrology can
create a positive feedback lodpat allows more areas to be vegetated which further lowers TSS (Giblin
2017). 2016 TSS concentrations were well below the criterion (<30 mg/L) required to sustain submersed
aguatic vegetation (SAV) in the Upper Mississippi River (UMR) during all s@asiinset al., 2010).

Phosphorus is an essential plant nutrient that dianit the biomass of phytoplankton and aquatic
macrophytes in aquatic ecosystems. Excessive phosphorus loading can result in increasedabiomass
phytoplankton, rooted and fredloating plants, increased incidence of fish kills, reduction in species
diversity, and reduction in perceived value of a water body (Smith and Schindler, 2009, Giblin et al.
2014). Total phosphorous levels (TP) were low during 2@ds winter near the 28 percentile, fall
between the 2% and 50" percentile and spring and summer below theé"Jfercentile(Fgure 2d).
Elevated phosphorous levels experiedde most years are largely due to inputs from point andnon
point source pollution e.g. municipal @&ment plants and agriculture runoff. There can also be
significant release of phosphorous from the sedimeagpecially in backwaters during the warmer
months, due to microbial activity. Misummer senescence of curly pondweed can contribute a
significah amount of phosphorous and nitrogen to the ecosystem as well (Drake et.al 2017).

A significant fraction of TP inputs come adsorbed to the TSS load, so TP tends to track well with TSS, thus
TP concentrations are also tied to severity of rain events (g@sher or runoff fraction). It was not

surprising to see the lower TP levels given the conditions we experienced (i.e. high discharge and low
TSS water being delivered to pool 8). TP levels were well below the Wisconsin TP criterion (0.10 mg/L)

for nonwadeable rivers (Wisconsin administrative code NR 102.06) in winter and spring and just above

in summer and fall. It is noteworthy that even though summer phosphorous levels were below'the 10
percentile for the LTRMeriod of recordhey still exceeded th&Visconsin TP criterion.

Nitrogen, like phosphorouss an essential plant nutrient that can limit the biomass of phytoplankton

and aquatic macrophytes in aquatic ecosystems. Excessive delivery of nitrogen in the form of nitrate to
groundwater and surfazwaters has been associated with a number of negative consequences for
human and ecosystem health (Wolfe and Patz, 2002). Nitrogen concentration tends to increase with
increasing discharge as npoint input from agriculturally dominated tributary waterstis is delivered

to the UMR (Goolsby et al., 2000). Total nitrogen (TN) was very high in 2016 with winter and fall well
beyond the 9¢ percentile and spring and summer near thé"fiercentile (fgure 26. In 2016, TN was
above the upper concentration reeymended by the USEPA for ecosystem healthZQ88 mg/L)



during all seasons (USEPA, 2000). Again high discharge throughout the year appears to have played a
key role in the high TN in 2016. The opposite trends between TP and TN (i.e, ldghTRN yeg are

not unusualkasnitrogen is known to tracknore closely with discharge. Watershed management

practices have had little succesdawering nitrogen delivery to rivers and ultimately the Gulf of Mexico.
Further investigation into the extreme winter driall levels may give valuablesights to this issue.

Winter, spring anddll total nitrogen concentrations far exceeded thyeper limit of the range suggested

for total nitrogen as defined by the USEPA (2000).

Adequate dissolved oxygen (DO) is aitio sustain aquatic life. DO concentration can be reduced
through decomposition of organic material from point and rawint sources, plant and animal
respiration and émand from accumulated sedimeritledian DO was near the loitgrm median during
winter, near the 2% percentile in spring and fall and below the™ercentile in summerRigure 2. It

was surprising to have such low DO (even had fish kills reported) in summer with the high discharge,
good water clarity and abundant aquatic vegetatioinl&gists from the Mississippi River Teanba
Crosse, WI, attributed the low summer DO and associated fish killsafgddrop in discharge in late

July Figure h), that drained warmlow-DO waterwith high organic content (i.e. high BODit of the
shallowmarsh areas. We did observe a rebound in DO the week after summer SRS, as disgldlyge
increased This was interesting to see how erratic fluctuations in discharge can cause extreme conditions
(including fish Kkills). It may becessaryto explore management actions that could potentially temper
conditions in these backwats to avoid future fish kills.

Ice and snow thickness can affect the concentration of DO in the underlying water column by reducing
available light and therebsuppressing photosynthetic activity. Median ice and snow thickness were
near the longterm median during the winter of 201&igure 4. The ice and snow conditiemuring

winter sampling appedao have been suitable for light transmissj@s median DO ding winter was

13.01 mg/|] and onlya few sites had DO below 5 mg/l. The low DO sites were largely in Blyahake
isolated backwater that is often hypoxic in winter; the remainder of low DO sites were shallow sites with
little available water depth belo the ice and due to mixing with the sedimentsere very turbid. This
mixing elevates biological oxygen demand due to microbial respiraimhreduces oxygen levels.
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2016 Aquatic Vegetation
Methods

Aquatic macrophyte datfor 450 siteswvere collected from June 15 to August 5, 20%#es are

randomly selected at established stratespecific densities to reflect relative caage in the Pool 8
ecosystem (Appendix A). Sites are selected annually based on LTRM probabilistic design
(www.umesc.usgs.gov/ltrmp/stats/statistics.htmljhe sampling area (ar@ area around the boat) was
searched visually. Six subsampling locationsvgampled within the 2n area with rake grabs. All
species on the rake and observed during the visual search were identified and recorded. Each
submersed species retrieved on the rake was also given an abundance scéxda$dd on calibration
marks on he rake teeth. More detail on LTRM vegetation sampling protocol can be found in Yin et al.,
2000 at:http://www.umesc.usgs.gov/documents/reports/1995/95p00207.pdf

Results

As described in other sections of this report, 2016 was a year of high dischargghbud the summer
sampling season. Water depth potentially affects both growth and detection of aquatic vegetation. In
terms of vegetation sampling, measured depths during 2016 were, on average, 9 cm deeper in 2016
than in 2015 (1.34 vs 1.26 m, respeetir). The prevalence (percent frequency occurrence) of aquatic
vegetation, however, continued to be relatively high in 2016. When submersed, emergent and-rooted
floating life forms are combined, aquatic vegetation was detected at 339 of 450 sites (FigBve; 5
Appendix A¢ which is essentially equal to the 2015 detection rate (341 of 450 sites, 75.5% ). Percent



frequency occurrence of the specific life forms was also similar to 2015 observations, with, perhaps, a
downtick in emergent and an uptidk rooted-floating leaf specieslable 3. The Pool 8 aquatic

vegetation community is composed primarily of native species, with only locally abundant invasive
species. An increase in aquatic vegetation abundance since -220&has been coupled with a

decrease in suspended sediments (clearer water) and nutrient concentrations, increasing abundance of
native fishes, and decreasing abundance of invasive carp biomass (réferEsheries sectioof this

report). The general indication is that the ecolmgjiconditions of Pool 8 have improved markedly since

the early 2000s.

Specific features of the Pool 8 aquatic vegetation in 2016 are described in this section. Data spanning
1998¢ 2015 were downloaded from the LTRM graphical data browser
(https://www.umesc.usgs.gov/data_library/vegetation/graphical/veg_front.htnaind 2016 data were
downloaded fromhttps://www.umesc.usgs.gov/data_library/vegetation/srs/veg_srs_1 query.shtml on
20 Feb 2016
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Figure 5 Aquatic vegetation prevalence over the 19 years of LTRM vegetation monitoring. This figure includes all
native and invasive species, and the submersed, emergent and rooted fléadihgrowth forms (filamentous
algae and nowooted floating life formsare excluded).



Table 3 Descriptive statistics comparing prevalence of vegetation and specific life forms in 2015 anch264d48|
prevalence was very similar, but emergents were perhaps lower in 2016 and rooted flestfrapmewhat higher.
Vegetated* sites include those supporting any submersed, rooted flodtad or emergent vegetation species

one site supporting only filamentous algae in 2016 was excluded from this count. Vegsum (the total aquatic plant

index) is the sum of submersed,ated floatingleaf, and emergent life forms percent frequency observed.

2015 2016
Percent Percent

frequency Number of sites frequency Number of sites

occurrence occurrence
Vegetated * 76.2% 343 75.3% 339
Unvegetated 23.8% 107 24.7% 111
Submersed 72.0% 324 71.6% 322
Rooted floating 33.1% 149 36.4% 164
Emergent 41.1% 185 31.6% 142
Nonrooted floating 20.9% 94 28.0% 126
Filamentous algae 34.9% 157 35.1% 158
Vegsum 146.2% - 139.6% -

Vegetation abundance varied considerabgtween strata, with slownoving and still waters (the
backwater isolated, backwater contiguous, and impounded strata) generally supporting more vegetation
than moving waters (side channels and the main channel boundafiab)g(4. This is consistent wi

previous years. The relative abundance of submersed, emergent, and rooted flestirgpecies varied

by stratum(Figure 9, as aquatic vegetation responds to a number of interacting drivers, especially

water velocity and light availability (e.g. Kireg et al. 2007).

Table4{ dzY Yl NB 27T
#S3ASGF SRE 61 &

AA0S RAAGNRODzGAZ2Y Y2y 3
OF f Odzf + i SR o0&
stratum and dviding by stratum site number. Depths were measured at time of sampling and are not corrected
for river stage; reported depths provide only a general indication of differences.
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Stratum Number of sites Average (£SD) % Vegetagd
Backwater connected (BWC) 110 0.89 (0.50) 90.0%
Backwater isolated (BWI) 20 0.71 (0.27) 95.0%
Impounded (IMP) 185 1.36 (0.64) 86.5%
Main channel border (MCB) 70 2.10 (1.32) 30.0%
Side channel (SC) 65 1.47 (1.13) 63.1%
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Aquatic vegetation life forms in 2016
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Figure 6 Percent frequency occurrence (prevalence) of vegetation types by stratum.

Longterm patterns in vegetation abundance

SC
N=65

Since LTRM probabilistic monitoring began in 1998, the prevalence of all three vegetation life forms
(submersed, rooted floating leadind emergent) has increased in PooF&(re §. In 2016, 72% of sites
overall supported submersed vegetation, 36% of sites supported rooted flelg@igpecies and 32% of
sites supported emergent vegetation. Percent frequency occurrence and assbsianhdard errors for
2016 were calculated here, while values from 1@3815 were downloaded from the Upper Mississippi

Environmental Science Center LTRM data repository at:

www.umesc.usgs.gov/data_library/vegetation/graphical/percent_frequency_quetpish



Prevalence of aquatic vegetation life forms 198816
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Figure 7 Prevalence of the three vegetation life forms over all 19 years of LTRM probabilistic monitoring (+SE).

The percent frequency occurrence of submersed, rooted flodéafj and emergent vegetation were
ddzYYSR (2 3ISySNF GBI bz Gk DFigdiets.yBecadsel &1 Siiee life forms can
overlap, this index can exceed 100%. The 2016 index value (~140%) was approximately average for the

last decade. The decrease from 2015 was largely driven by wil&Zizeaia aquaticawhich is
described below.
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Figure 8 Total aquatic plant index (vegsum) over time is annual, summed percent frequency occurrence of the
submersed, rooted floatingeaf, and emergent life forms. Because more than one life form can occur at the same
site, the index can exceed 100%.

A coarse comparison of composited data from the first part of the record (¢ 29®4) to more recent
years (200582016) shows an overall increase in the prevalence of aquatic vegetation and a decrease in
the prevalence of uragetated sitegTable 5.

Table 5 Average percent frequency occurrence of vegetation life forms during the first 7 years and the last 12
years of LTRM monitoring. Vegetation surveys were conducted at M3 sites annually.

Period of record Submersed Rooted floatingeaf Emergent Unvegetated
19982004 52.9% 19.9% 14.0% 44.0%
20052016 75.0% 32.1% 26.4% 24.5%

A portion of the increase in aquatic vegetation over time is attributable to two native species of special
interest in the ecology of Pool@wild celery {/allisneria american®lichx.),and wild rice Zizania

aquatical.). Wildcelery isa predominantlyclonal, perennial plan&nd has high specific value as forage

for canvasbackAythya valisineridVilsor) and other migrating waterfowl. Wild rice, an annual aquatic
grass, can also be an important source of food and cover for wildlife.-teanglata show considerable
increases in the prevalence of both species since 1B@gie 9. Prior to 2009, wildice was only

detected occasionally in surveys. Since then, it has increased to®&mbs more abundant than it

was from 1998; 2007, and the most frequently detected emergent species in Pool 8 LTRM surveys. ltis



now a substantial contributor to theotal vegetation indeXFigure 8. The highest recorded abundance
of both of these native species occurred in 2015. Notably, wild rice decreased by about 35% (from
22.4% to 14.4%Mh 2016, possibly due to high water in the spring when rice stems wengatimg to
reach the surface (this is only a personal observation).

Prevalence of two important native species in Pool 8
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Figure9. Positive trends in the detection of witelery and wild rice in Pool 8 over the period of LTRM monitoring.

Two invasive species, Eurasian watermilfdiiophyllum spicaim) and curly pondweedPotamogeton
crispu$ occur at ~1680% of Pool 8 sites annuaflyigure 1), but have not increased as dramatically as

the native species described above or as much as the total vegetation index. Although sometimes
locally abundantthey rarely appear to exclude native vegetation at the site level, and are virtually never
the only species detected at a site. The maximum biomaBs @fspusccurs in eariyto mid-May, and

it has senesced considerably by the time summer surveys@nducted. It is thus undeepresented in
summer surveys. A correction factor relating prevalence in summer surveys to prevalence during its
spring maximum biomass is currently under development.



Prevelance of the two most abundant invasive species in Pool 8
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Figure 10 Prevalence of the two most commatvasive species in Pool 8 over LTRM monitoring.

A total of 34 plant species (excluding algae) have been identified in Pool 8 over the course of LTRM
monitoring. At individual vegetated sites, betwee 4épecies are generally detected. The maximum
number of species found at a single site in 2016 was 19 (including algae and one invasive species), and
the maximum number of native species (excluding algae) found at an individual site was 17.

The profusion of algae in freshwater systems is associatedewnttiophication, a growing concern for
managers and users of Pool 8 and the greater Upper Mississippi River. Filamentous algae is often found
in dense mats or clinging to vegetation, and late in the summer-tteen algae appear as patchy films.

Mats offilamentous algae are included in the observation of algae in vegetation surveys (it is given a
rake score when found in abundance). The prevalence of algae has aan&derably over time

(Figure 1}, but has not clearly tracked increases in vegetation
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Figure 11 Prevalence of filamentous algae over the entire period of LTRM monitoring.

2016 Fisheries
Methods

The LTRM fish component uses six standardized gear types, including daytime electrofishing, fyke nets,
mini fyke nets, large and small hoopts, and otter trawls, within a randomized sampling scheme and
stratification based on broad habitat features. Fish sampling is conducted within three consecutive six
week episodes, from June 15 to October 31, to ensure both temporal, as well as spiatighersion of

the sampling gear deployments. More detail on LTRM fish sampling can be found in Gutreuter et al.,
1995 at:http://www.umesc.usgs.gov/documents/reports/1995/95p00201.pdf

The LTRM Fish Graphical Data Browser automates many routine analyses and prodigiesod
analytical products for end users. This information can be accessed at:
http://www.umesc.usgs.gov/data_library/fisheries/graphical/fish_front.html

Routine data aalyses for overall fish community data include species richness, total catch by species,
and community composition (presence/absence). Catch per unit effort (CPUE) and frequency of
occurrence are calculated for all species, and proportional stock ddRS) is calculated for species of
interest. Proportional Stock Density (PSD) is a measure of species size structure. The metric is a ratio
(expressed as percentage) between the number of qualitgdor largerindividuals and stockized
individuals. Sock and quality size designations vary by speces were defined in published

manuscripts (see the LTRM Fish Life History Database for details:



http://www.umesc.usgs.gov/data_library/fisheries/graphical/LTRM_fish_life_history ndthis life
historydatabase also contains a table with allometric growth information that allows conversion of
length data to mass, and, thus, biomass computations, which yield additional insight into fish
community characteristics.

This report summarizes sampling efforevall catch rates and species richness, as well as abundance
and biomass summaries, and data on species of special concern. We also report any Asian carp
collections and other anecdotal observations on the fish community. ShaWfiener Diversity Index
(Zar 1984) scores were computed from day electrofishing collections to indicate fish community
diversity relative to previous years. CPUE, mass per unit effort (MPUE), and PSD trends from day
electrofishing data are provided for ten common sport fisntdiest to anglers and fish managers.

Data were omitted for 2003 in all cases because of reduced sampling that year. Also, catches of fish
from daytime electrofishing on wingdams and several gears at fixed tailwater sites are reported in total
catch aml species richness, but are excluded from CPUE calculations because these strata were
considered too small and unique for proper stratification of sampling effort. CPUE values for the
individual strata, including wingdams and tailwater fixed sites, aaélae on the Fish Graphical Data
Browser at the link provided above.

Results

The prolonged high watenunling 2016 (Figure)lmade it a difficult year to sample, throughout the

season. Wingdam electrofishing samples were completed during a small wiridippartunity during

Period 1, but were not possible in Periods 2 and 3. Tailwater trawling was also only possible during the
first time period. Finally, two large hoop nets and a small hoop net became dislodged from the
substrate and were lost. Thusmlg 251 of 270 scheduled samples were completed for the year.

The planned sampling allocation among gear types has remained stable for many years. Sampling effort
was highest for daytime electrofishing (76 collections), followed by mini fyke nets (66twnik), and

fyke nets (48 collectionsEffort was greatest in the contiguous backwater stratum (84 collections), with
side channel (58 collections) and main channel border (47 collections) also receiving considerable effort.
Please note that the stratnames imply habitat features, but a wide variety of habitat conditions exist
within each stratum.

Total catch in 2016 was 34,077 fish, which is the highest total catch since 2001. The catch per sample
value was, therefore, the second highest during stratified random sampling (SRS) era. Mini fyke

nets were particularly effective, providing about half of the total annual catch. Species richness in 2016
was only 59, perhaps due to the high water. A loergn, slight, declining trend in species riéss from

the first decade of the program untiow does seem evident (Figure)12
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Figurel2. Catch per sample arahnualspecies richness, fatpper Mississippi River RestoratiQiE MRLTRMish
collections in Pool 8 of the Upper Mississippi Riverta Bgpresent samples collected with daytime electrofishing,
fyke nets, mini fyke nets, large and small hoop nets, and otter trawls. Datanaitted for 2003due tolimited
samplingthat year. Period 1 (June 1§ July 31)as indicated by thighter-colored barswas not sampled from
20052009

Largemouth bass (7709), weed shiner (7225), Bluegill (4854), Emerald shiner (2099) and Common carp
(2049) were the top 5 species, in order of catch, in 2016 (FitRae One mini fykenet contained over

5,800 juvenile Largemouth Bass (<40 mm TL), a second contained over 3500 Weed shiners, and a third
contained over 1500 juvenile Common carp (< 40 mm TL). Other notable species in the top 10 for catch
were Mimic and Spotfin shiner, Pukipseed, Yellow perch, and Black crappie. For bionkagsré

13b), Common carp (722 kg) ranked first in the catch, followed by Channel catfish (280 kg), Flathead
OFGFAAK O6Hpd 130X {K2NIKSIR NBRK2NAS otheccatch] 30 =
were Silver redhorse, Bluegill, Largemouth bass, Freshwater drum, and Golden redhorse.

2016 Pool 8 Catch Numerically A) 2016 Pool 8 Fish Biomass B)

= Largemouth bass = Common carp

= Weed shiner m Channel catfish

= Bluegill 42% = Flathead catfish

Emerald shiner ‘ Shorthead redhorse
Common carp Bowfin

Other

Other 7% 8%

Figure 13 Top species for cat¢h) and biomasgb) in samples from Upper Mississippi River Restorati@MP
LTRM fish collections in Pool 8 of the Upper Mississippi River during 2016. Data represent samples collected with
daytime electrofishing, fyke nets, mini fyke nets, large and small hoop nets,ttdrawls.



Historically, 37 species have been detected in Pool 8 LTRM samples every year since SRS began in 1993,
and an additional 25 species have been detected in at least half of the years. Those numbers held true

in 2016, as well. There are 28 sjgacthat have been detected in 12 or fewer years. Speckled chub (8
years) and Pirate perch (7 years) are the only species from that group that were sampled in 2016. We

did not observe any species in 2016 that have been absent from the catch for a nahyears.

Single specimens the following speciewere sampled in 2016: Blue sucker, Bigmouth buffalo,
Speckled chub, and River darter. Fewer than 10 individuals were sampled for an additional 18 species.
Thus, about 37% of the species detected weaggy uncommonly encountered.

Two Wisconsitlisted threatened species, blue sucker (1) and river redhorse (23), were collected in the
Pool 8 LTRM catch this year.

To date, the Pool 8 LTRM sampling efforts have not detected any Asian carp (bigheadeandwié

caught 2051 common carp this year, which was by far the most in many years. However, as mentioned
above, more than 1500 of those were caught as juveniles in a single mini fyke net. Frartong

decline of Common carp, the only current noative fish species of significance in Pool 8, continues,

and is illustrated in Figuredl There was a small increase in CPUE for Common carp in both day
electrofishing and fyke netting in 2016. Future sampling will divulge whether the 2016 year class begins
a sustained rebound for this mademinant species.

20

Mass per unit Effort (kg/15min)

Figureld. Mass per unit effort (MPUE) of Common carp in daytime electrofishing samples from Upper Mississippi
River Restoratioq EMRLTRM fish collections in Pool 8 of the Upper Mississippi Ri®882016.

ShannorWiener Diversity Index scores for day electrofishm§ool 8 LTRM samples (Figurg difggest
OKIFG RAGSNEAGE 0S3ILy (2 RSOtAYS Ay GKS fFHGS mMphpnQ
feature of the diversity scoresfisat they seem to be fluctuating more in the past decade than in the
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continuing into recent years has undoubtedly influenced fish community compositicooirBPand

thus, diversity. However, a reduction in LTRM fish sampling from-2009 may also have influenced

the data, as time period 1 was eliminated (no sampling in June and July) for those years. A third factor
that may be involved is river disclym, as the general pattern that occurs in diversity also seems evident
in river discharge. Fish community diversity declined in 2016, the second year in a row; yet, 2016 had
the second highest mean discharge recorded during the LTRM era. So, thewggafs will be

informative to see if the diversitgischarge trajectories remain similar or begin to diverge.

Overall, the Pool 8 fish community remains healthy. Catch rates were high in 2016, despite challenging
sampling conditions. Species richnessen a slight decline, but is still good. Diversity is good, and has
recently been on an increasing trajectory. Rare and protected species are caught each year, and the
only invasive species present in detectable numbers is doing poorly.
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Figure 15 ShannorWiener Diversity Index Scores calculated fromRMPool 8 day electrofishing samples from
19932016. Data are omitted for 2003 due to limited sampling that ye@irend line is a secorarder polynomial
representation of the data.

Species of Intest

Trenddata for 10 fish species of interest to anglers are briefly discussed on the following pages. These
are cursory examinations, using daytime electrofishing data for consistency and a second gear for
comparison. CPUE includes all sizes oth#ibcted; therefore juvenile fish could potentially have great

influence on the catch rates. Further, sample size is very limited for PSD calculations in some instances.

Thus, caution is suggested in the interpretation of these reséltiditionalexamination of patterns and
trends may be possible through data from other LTRM gear types by means of the LTRM graphical fish
database browser, referenced in the Methods section above.

b



Black crappie

Black crappie daytime electrofishing CPUE declined in @0déar the 1@ percentile Figure Ba).
However, fyke net CPUE (Figurebléebounded from the 10 percentile to near the longerm mean.
Overall, the electrofishing trend seems stable, while the fyke netting trend indicates a gradutdiiong
declne. The PSDaph for Black crappie (Figure )@adicates only a slight increase over time, and is
mostly stablg(Figure 16¢)
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Figurel6. Catch per unit effortx 1SE) for daytime electrofishirg),(catch per unit effort (+ 1SE) for fyke netting
(b), and proportional stocklensity(c) of Black crappiecollected by day electrofishing in Navigation Pgdlgper
Mississippi Riveby theUpper Mississippi River RestoratiQEMRLTRM The long dashedres on the CPUE
graphs represent the 0and 90" percentiles and the dotted line represents the letegm average for the period
of record (19922016).



Bluegill

Bluegill daytime electrofishing CPUE in 2016 continued to decline from the most re@ninp2011,
and was below the lonrterm mean for the third consecutive yedfigure Za). CPUE is now at the™.0
percentile. Fyke net CPUE (Figurd)Liias shown a similar loftgrm pattern as electrofishing, but has
rebounded in the past two years twear the longterm mean. PSD values for Bluegill have been
remarkably consistent and low for most of the LTRM time frame, coming in at 19 fo(R2igLée 17c)
¢KS ISYSNIf RSOtAYyS Ay . ftdzS3artt OF iOKilaad (Sa
considered a representative species for backwater habitats.
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Figurel?7. Catch per unit effortx 1SE) for daytime electrofishirg),(catch per unit effort (+ 1SE) for fyke netting
(b), and proportionaktockdensity(c) of Bluegillcollected by day electrofishing in Navigation Padlgper
Mississippi Riveby theUpper Mississippi River RestoratiQEMRLTRM The long dashed lines on the CPUE
graphs represent the ¥0and 90" percentiles and the dited line represents the longerm average for the period
of record (19922016).
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Channel catfish

Channel catfish CPUE for daytime electrofishing declined in 2016, and was below tterorgerage

in Pool 8 for the secahtime in three years (Figure3d). Catch rates for Channel catfish with day
electrofishing have been generally low, but stable, over time. Wide error bars also indicate variability
among sites within given years, as many sites sampled with daytime electrofishing do not provide good
habitat for Channel catfish (l.e., low flow rates). CPUErwll hoop netting (Figure bshows a

decline from the earliest years of the program, but mostly stable trend since 2003. PSD values from
daytime electrofishing for Channel catfish remainetharkably consistent, and high, over tirfiégure

18c) These observations would suggest a very stable size structure, with a high percentage of quality
sized fish, for Channel catfish in Pool 8.
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Figure B. Catch per unit effor{+ 1SE) for daytime electrofishirg),(catch per unit effort (+ 1SE) for small hoop
netting (), and proportional stocklensity(c) of Channel catfislcollected by day electrofishing in Navigation Pool
8, Upper Mississippi Riveny the Upper Mississippi River RestoratiQEMRLTRM The long dashed lines on the
CPUE graphs represent the™#&nd 90" percentiles and the dotted line represents the leteym average for the
period of record (1992016).



Flathead catfish

Daytimeelectrofishing CPUE for Flathead catfish declined sharply in 2016, to near'tpert@ntile

(Figure 189). This large species has varied in catch rates among years and among sites within years, as
evidenced by the wide error bars. CPn large hoomets (Figure 18) shows even more variability
within years, but has exhibited an increasing trend since 2013. PSD score for Flathead catfish in 2016
was zero, indicating no qualisized fish were cauglfFigure 19c) High water throughout the sampling
season likely had some effect on these Flathead catfish catch data; most likely, thestesmort

fluctuations in catch rate and size structure are just random.
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Figure B. Catch per unit effor{+ 1SE) for daytime electrofishirg),(catch per unit effort (+ 1SE) large hoop
netting (©), and proportional stocklensity(c) of Flathead catfistcollected by day electrofishing in Navigation Pool
8, Upper Mississippi Riveny theUpper Mississippi Rér Restoratiorg EMRLTRM The long dashed lines on the
CPUE graphs represent the#&nd 90" percentiles and the dotted line represents the leteym average for the
period of record (1992016).



